F-G Matrix Elements for Pyramidal XY2Z Molecules by Rao, P Babu & Sreeramamurty, K
434 Letters to the Editdr
sl.ufJiecl from X-i-ay powder photograph. It is found that the dehydrated product 
cojisiats of the double salt Cu[NH4)S04]a, 22H2O. Application of Lipson’s 
method (Lipson, 1949) hIiows that it has an orthorhombic unit cell having dimen­
sions; a — 14.84A, b — I2.52A, c — lO.OOA containing 8 molecules per cell. 
Conditions of reflection suggest the possibility of assigning to the dihydrate either 
of the space-group 2^  or
iSince direct X-ray data on CuKNH^lSOJgBHoO single crystal is lacking, 
Ave also undertook to study it and find that the hexahydrate which belongs to the 
si)acc-groiip P2,/o and contains 2 molecules m the unit cell (Hofmann, 1931), has 
tlie following coll dimensions . a =  9.27 A, 6 =  12.50A, c =  6.33 A, /? — 106.6'.
it  IS interesting to note that, the b axis in both the hexa- and dihytlrate has 
the same length. It is, therefore, probable that the transition from the mono- 
clinic to the orthorhombic system has taken place after merely a loss of 4 ’(vater 
molecules and a rearrangement of tbe molecules with reference to two vertical 
planes i.o., the transition is “ topotactic” in nature, ^
Phase transition study for further dehydration and a more detailed study 
of structural (diangcs by growing single crystals at high temperatures are under 
jirngross.
The author expresses her sincere thanks to Prof. A. Bose, D.Se., F.N.I., 
for his kind interest and constant guidance and to Mr. 8 Ray, M.8c., for many 
helpful discussions during the progress of the work.
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F-G M ATRIX ELEMENTS FOR PYRAMIDAL XY^Z 
MOLECULES
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{R e c e iv e d  J u l y  7, 1960)
Using Wilson’s F-G matrix methods (1939, 1941), Pistorius (1959) obtained 
the elements for the planar XYgZ type molecules employing the most general 
harmonic force field. These were recalculated by the authors (1960) and utilised 
to calculate the potential constants for certain specific cases. Venkateswarlu and 
Siindaram (1957) carried out a normal coordinate treatment for the pyramidal
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XYjjZ type molecules neglecting a number of force constants. As a large iiiimb(?r 
of these molecules are kjiown and as their structural constants arc bc'ing ioiuul 
by microAvave techniques, it is felt desirable b» carry out a similar cali ulatioii bn 
this tyiie of molecules employing the most general harmonic force licld.
The followdng symmetry coordinates are set up vshicli transform according to 
the characters of the corresponding vibration tyiics.
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Here A/) and Ad represent the and X — Y si retchings, Aa and A/j the
valence angle bendings of Y —X — Z and Y —X ~ Y  I’cspectively 
T’ho potential energy V is given hy
2 K -  fjj . M)^ \ 1t i‘
<idAd]^ Adjj-i-2J2>(rAfy dYi/^oc^-\-2j. d . l-AdiAa^ *
t i,
+ 2 /'„ „  . dSAri,Aa,+2/dpdA/y^Ad,,
-\-2fjjpM) . dA//+/„d^SAa\-h2/„„d'^AaiAa3
I
The follou'ing F  matrix oleineiits are obtained :
A '  ^
F n = 3 t^ (2 /2 ,+ 2 /z > i-a A )
■ 1^3 — 5
1^4 =  Da~~'^ J2)
I"'** =  g W D -»fi> i+ -iL )
1
3 7 2  '
J^ 34 == o (% /3~4/D «"f 2/a—4/(/|8)
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J?33 =  g (2/3 +  4 / . / !+ * )
I ’si =  3^  (2/ . / i+ 2/ ; , - 2/ , )
1« =  J (4* + 2/ , - 8/„p)
Where /jj /g  ajid /g atajicl Tor
(/(i+/«ii), (/da 1 f'da) (/a+/«a) ix'Hpectively.
■ ^ 5 5  ~  i d  Sd d
^ 5e ~ J d a ~ ' f d a  
6^0 “  7a“ "/ao
The elemcuts of the inverse kinetic* energy (6’) matrix are given below naing 
the following abbreviations •
c//7)—cos a =  K  
\—d!D cos oc — L 
1 —cos a —
1—cos /i — Mfi 
l-|-cos/tf =  N 
lH-2 cos a — P  
fi - =  Keciprocal mass of the atom i 
A' :
G i i = g  [//,{2(iV+jF>)-l}+2//,,+ /(3 ]
Gi2 “  [ /^ »(-^  Q) /*tf+/*3 j
1+oos a-l-coe =  Q 
l+eoH /y—2 cos a. — T 
l-l“Cos^-2cos2a =  V 
cos a =  c ,^ sin a =
cos p =  Cp, sin yff =  Sp
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<!.. -  '1  /•.[ +2 V  I t'J».
 ^ Sfi
^22 =  I - \ -M f i )  I- //y ) 2//J
0 „  "  I  [ /. .  { i " ?  I M ,+  2JI,M  1
■'>.('^  'S'I-'''-?.:.]
a  - -  ^ ' ^  \ u  \  I I 4('.'„AV2- - 5  [ j -^ 3  I — w x  -  ■
, rf® 1/-1 /'» - y
G «  j- [  ( 4 j f , + w ± | ^ ' ^  _ 4  }
, / -  W ^M b \ , ’ da ’ K 1




^  M  aK , .
f^lO l^ x a 2'" +  Hy +  f^ 'Z n2rfa Mfi^Z>a
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